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SECTION B - HYDRAULICS 

I. INTRODUCTION 

Selecting the proper gate and outlet conduit size, in many cases, 
will be based on a head that is less than that with a full reser- 
voir. This results when the water needs are less at the begin- 
ning of a season at the time the reservoir is full. As the 
reservoir level drops, the water requirements can increase. 
Obviously the gate and conduit system should be designed for 
this critical discharge-head relation. For less critical condi- 
tions, the system would be operated with the gate partially 
closed. 

Less obvious, however, is the possibility that the system may be 
operated with full head at full gate opening exceeding design 
discharge. This condition will be the critical one for certain 
outlet structures and can materially add to the cost of the 
system. Whether or not the outlet is sized for design discharge 
or maximum discharge requires judgment with the greater capacity 
recommended. 

The minimum diameter of the outlet conduit may be set by Service 
and individual state requirements and varies from no restriction 
to 30 inches. An outlet conduit diameter of not less than 6 
inches, preferably 10 inches, is recommended. Minimum diameter 
may also be established by the length of time it takes to dewater 
a reservoir by gravity flow. Recommended flow duration at full 
gate opening should not exceed 10 days. 

Factors that determine the flow in a gated outlet include vari- 
ables as the size, shape and type of control gate and conduit 
used, the slope, length and roughness of the conduit, the inlet 
and outlet conditions and the head on the system. The combined 
effect of any of these factors may determine the flow in the 
sys tem. 

The nomographs and charts in this section were prepared to pro- 
vide the engineer with the hydraulic relationships commonly 
encountered in the design of small gated outlets. 

The discussion of "~ocation of Control", "Full Pipe Flow" and 
"Partial Pipe Flow" is a simplification of actual conditions, in 
some cases to a point that can be misleading to the unwary. 

Many problems are associated with the calculation of water sur- 
face profiles in a circular cross-section on a fixed grade line. 
The major ones are: 

(1) The effect of air entrainment and consequent 
bulking of the flow, 



Determination of energy loss'for the bulked flow and 
its variable "n" value, 

Effect of pipe joints, elbows, gates, etc. 

Geometry of the inlet for both partial and fully open 
conditions as well as accuracy in evaluating the tail- 
water elevation, 

The certainty that the conduit, on a compressible 
foundation, is subject to joint rotation and elongation 
that make the grade line of the conduit indeterminate. 

The rest of the hydraulics section should be read keeping in 
mind that inlet control means partial pipe flow and outlet 
control means full pipe flow. 

LOCATION OF CONTROL 

Location of the control from the hydraulic standpoint dictates 
whether the conduit flows full or partly full and thereby esta- 
blishes the head-discharge relationship. Slope of the pipe and 
the tailwater level are factors that determine location bf the 
control. The slope may be mild or steep, that is, it may be 
flatter or steeper than the slope at which a given discharge 
will just support flow at a critical stage. For either a mild 
or steep slope, the control may shift from inlet to outlet 
depending on the head, tailwater, and gate opening. 

For partial pipe flow, the control is normally at the inlet 
where orifice conditions control the discharge. For full pipe 
flow the control is at the outlet, and the total head on the 
system is determined by the elevation of the tailwater. In the 
case of free outfall at the outlet, the tailwater elevation is 
considered the center of the pipe outlet. 

111. FULL PIPE FLOW 

Full pipe flow usually occurs in long conduits with a mild or 
flat slope or where the outlet is submerged. The depth of water 
at the entrance must be greater than 1.2 times the inside dia- 
meter of the pipe to produce full pipe flow. Partial pipe flow 
may occur with the inlet submerged if the slope is steep or if 
the pipe is short enough so that a hydraulic jump does not occur 
in the length of the pipe and air is admitted through the outlet 
or by means of a vent. Full pipe flow conditions control for 
nearly all gate openings if the conduit is on a mild slope. 



IV. PARTIAL PIPE FLOW 

Partial pipe flow usually occurs in short conduits with sharp 
comers or inward projecting entrance and low heads. Partial 
pipe flow may also occur where the conduit is on a steep slope 
with partial gate openings and free outfall. In this case the 
inlet acts as an orifice to control the flow. 

The inlet must be vented re have orifice control. The vent may 
be a vent-pipe or the airspace maintained above the water surface 
during partial pipe flow with free outfall and air admitted from 
the outlet. 

If the conduit flows full at any point and the inlet is not 
vented, the high velocity flow will carry away entrapped air. 
The pressure in the pipe can then drop below atmospheric pressure 
and cause operation problems and structural damage. 

V. CAVITATION 

Localized constrictions, surface irregularities, and abrupt 
changes in alignment provide conditions for potential structural 
damage. This damage is caused by the successive formation and 
collapse of vapor pockets in low pressure areas associated with 
high velocity flow. The collaps~ of vapor pockets cause implo- 
sions that result in pitting of the concrete or the metal con- 
duit surface. The pitting then accelerates the effect of cavi- 
tation by intensifying the negative pressures. 

Several measures will reduce the potential for cavitation: 
streamlining of entrances and slots; increasing the cross- 
sectional area; or, introducing air by venting to the low 
pressure area. 

Venting the conduit just downstream of the gate is recommended. 
Further discussion of vent pipes is presented in Section C, 
Inlets. 

Conduits carrying flow with velocities in excess of 25 fps should 
be studied for cavitation potential. 

VI. USE OF CHARTS AND GRAPHS 

It should be recognized that these charts and graphs were 
developed for average conditions. Some of the relationships 
were derived from model studies. The curves or values may be 
an average of the results of these studies. Any deviation from 
the condition of the study could change the results; however, 
these relationships will give usable answers for most design 



problems in small gated outlets. If exact values are required 
for a specific structure, detailed computations will be neces- 
sary to evaluate the exact conditions and requirements for that 
structure. 

A. Full Pipe Flow With Gate Fully Open 

1. Figures B-1 through B-4 

Figures B-1 through B-4 were developed to quickly deter- 
mine the pipe size and flow velocity for a given'height 
of dam and discharge. THESE CHARTS APPLY TO FULL RESER- 
VOIR CONDITIONS. For lower stages, chart discharges will 
be high and Figures B-6 through B-10 should be used. 
Each chart gives the relationships for a different con- 
duit roughness (Manning's "n" value). They apply for 
an entrance condition of a fully open gate with square 
corners and a single miter bend. Energy loss is based 
on a pipe length for an embankment slope of 3:l upstream 
and 2 : l  downstream. The top width of the embankment is 
2 m+5 where H is the vertical distance from the spillway 
crest to gate centerline. A combined headloss coeffi- 
cient of 1.24 was used for the entrance and elbow. The 
losses for these conditions are considered to be average 
for small dams with the head range shown on the charts. 

The charts are entered with known values of head and 
discharge. The pipe diameter and velocity of flow are 
determined from the curves. If the point falls between 
two diameter lines, the larger diameter must be used to 
obtain the given discharge and velocity can be determined 
directly. 

The most common pipe sizes for concrete and corrugated 
metal pipe were used in the construction of these charts. 
Relationships for other pipe sizes may be determined by 
interpolation. 

2. Figures B-5 through B-10 

Figures B-5 through B-10 give the relationships for full 
pipe flow with various entrance conditions and variable 
pipe lengths. THEY ARE FOR USE IN HYDRAULIC ANALYSIS 
WHERE THE RESERVOIR IS LESS THAN FULL OR WHERE THE PIPE- 
LINE EXTENDS BEYOND THE TOE OF THE DAM. They are also 
valid for the full reservoir stage although additional 
computation is required to find flow velocity. Figure 
B-5 is used to determine the loss coefficient (Ke) for 
various entrance types. Figures B-6 through B-10 



present the relationships of head, length of pipe, and 
discharge for various entrance loss coefficients in nomo- 
graph form. These nomographs have been developed for 
four pipe roughness factors (Manning's "n" values) that 
apply to most installations. The difference between 
Figures B-7 and B-8 is the head range. Example solutions 
are shown on the nomographs. 

Note that the entrance headloss coefficients (Ke) on 
Figure B-5 represent the loss for the entrance type, 
including any bends or corners connected with the inlet, 
as shown by each illustration. Headloss coefficients 
for partial gate openings are not included on this chart 
but may be obtained from Figure 3-12. 

B. Partial Gate Opening 

1. Partial Pipe Flow, Figure B-11 

Figure B-11 was developed to determine the flow 
characteristics at partial gate openings with 
partial pipe flow. This nomograph gives the 
relationships for orifice control at the inlet. 
However, partial pipe flow should be compared with 
the full pipe flow condition to determine which 
controls the discharge. 

To determine if full or partial pipe flow controls, 
enter Figure B-11 with the given head, gate opening 
and gate size. The resulting discharge is then 
noted. For partial pipe flow to exist, this dis- 
charge must be less than the normal full pipe flow 
discharge that would occur with the particular pipe 
size and slope with free discharge. Calculations 
for this condition are described in Section 2 below. 

2. Full Pipe Flow, Fipures B-12 through B-17 

The normal discharge for full pipe flow for a given 
pipe diameter and slope can be determined ,from 
Figures B-14 through B-17 (ES-54). If the full pipe 
flow determined from the above figures is less than 
the discharge as determined from Figure B-11, the 
conduit is flowing full and calculations must be made 
to determine the correct discharge. 

The hydraulics of full pipe flow are based on these 
fundamental relationships: 



From these the following equations are derived: 

where 

Q = discharge in cfs 
D = inside diameter of conduit in feet 
H = total head in feet (upstream water 

surface to tailwater surface or center 
of pipe at outlet for free outfall) 

A = flow area, square feet 
V = flow velocity, feet per second 
IK = summation of headloss coefficients 

including K,, entrance loss, Kg, gate 
loss, Kb, bend loss, K Q, pipe friction 

P 
i 

loss, KO, exit loss, and any other 
losses involved. 

Headloss coefficients are related to the velocity in 
the conduit at full pipe flow. Note that the addi- 
tion of a headloss coefficient for partial gate 
openings (K ) will modify the headloss coefficient 

g 
for the entrance (Ke) as shown in Figure B-5. Sub- 
tracting 0.5 from the value of Ke for the fully open 
gate results in a bend loss (Kb) .  Values for Kg 
and Kb replace the combined loss Ke used for the 
fully open gate. 

The headloss coefficient (Kg) at various gate open- 
ings can be determined from Figure B-12. Gate loss 
coefficients for both circular leaf and square bottom 
gates with gate openings from 10 to 100 percent are 
included on this figure. The circular leaf is 
found on light duty gates while most heavy duty gates 
have straight bottom. Entrance headloss coeffi- 
cients (Ke) can be determined from Figure B-5. 
~riction headloss coefficients (Kp) for various pipe 
sizes to be combined with the pipe length can be 
determined from Figure B-13. 



The conduit exit headloss is considered to be equal 
to the headloss at a sudden infinite enlargement. 
The exit headloss coefficient is, therefore, consi- 
dered to equal 1.0. For special conditions such as 
bends (other than those illustrated), enlargements 
or contraction, and refinement in hydraulic analysis 
refer to NEH, Section 5, Hydraulics. 

VII. REVIEW 

Before going into the selection and detailing of appurtenances, 
the overall hydraulic picture of the outlet system should be 
reviewed. 

Recognizing that some water level other than full reservoir may 
be the controlling head for selecting conduit size, has the 
critical water level been determined? The system capacity is 
affected by the individual head losses: 

(1) configuration of the inlet whether re-entrant 
or flush, 

(2) bend, whether single or multiple miter, 
(3) effect of the vent pipe on the system head, 
( 4 )  type of pipe-corrugated metal, monolithic concrete, 

or cylinder pipe, etc., as it effects the hydraulic 
roughness coefficient, 

(5) pipe diameter, whether it is a stock size and 
available locally, 

(6) the outlet, whether submerged or discharging freely 
at atmospheric pressure, etc, 

VIIT. EXAMPLE PROBLEM 

The following example deals with the hydraulic design of an 
outlet for a small earthfill dam. It is assumed that the height, 
slopes and top width of the dam are known and the elevation of 
the conduit inlet and outlet are given. It is also assumed that 
the discharge requirements for the outlet have been determined 
from hydrologic data and downstream flow requirements. 

Given : 

An earthfill dam with the height and slopes, as shown in the 
following sketch will require an outlet conduit to satisfy 
the following : 

1. Discharge 40 cfs at maximum reservoir level 
2. Discharge 20 cfs at intermediate levels. 
3. Discharge 15 cfs as base flow with water level at El 110.0. 



A square bottom slide gate is to be used. 

Top of dam El /25.0 

Homogeneous Embanhment 

S =  o.o/o 

i Center of gote 
El /02.2 

Determine: 

Select the conduit size and associated gate openings to satisfy Y 

the listed conditions. 

Problem Analysis: 

1. Determine Manning's roughness coefficient "n" for 
several types of conduits available, or to be considered. 

2. Find conduit diameter required to carry required dis- 
charges for (a) full reservoir, and (b) partly empty 
reservoir. 

3. Compare answer in 2 (a) and (b) above, determine 
critical condition and select conduit size. 

4. Find gate opening required to limit discharge for 
noncritical head-conduit diameter relation. 

5. Check availability of gate and conduit selected. 

1. Determine the diameters of several types of pipe to 
meet the discharge requirements (check local 
availability). 



a .  For maximum head maximum d i scha rge ,  use F igures  B-1 
t h r u  B-4. (These f i g u r e s  apply f o r  t h e  f u l l  reser- 
v o i r  condi t ion . )  

Enter  each c h a r t  w i th  Q = 40 c f s  and H = 20 f t .  

Find: S t e e l  p i p e  (n = 0.011) = 19.5", use  20" d i a .  
Concrete p ipe  (n = 0.013) = 20.5", use 21" d i a .  
CM, p i p e  (n = 0.024) = 24" d i a .  

b. Find t h e  d iameter  of p ipe  f o r  20 c f s  a t  t h e  minimum 
head. F igures  B-5 t h r u  B-10 should be used because 
t h e  system head i s  l e s s  than  t h a t  f o r  f u l l  r e s e r v o i r .  
These f i g u r e s  a r e  en t e r ed  wi th  t h e  followihg given 
da t a :  

Entrance l o s s  Ke = 1.24 from Figure  B-5 o r  s e e  dia-  
gram on a p p r o p r i a t e  F igures  B-6 t h r u  B-10. 

Conduit l e n g t h  = 131 f t  from problem ske t ch  

Discharge Q = 20 c f s  ) Operat ion 
Head H = 9 f t  (El  110.0 - 100.9) ) Requirements 

Find: S t e e l  p i p e  (n = 0.011) = 1 7 . 7 ,  use  18" d i a .  
Concrete p ipe  (n = 0.013) = 18" d i a .  
CM p i p e  (n = 0.024) = 21" d i a .  

2. From a comparison of t h e  condui t  d iameters  r equ i r ed  f o r  
t h e  two d ischarge  c o n d i t i o n s ,  i t  i s  obvious t h e  c r i t i c a l  
d i scharge  i s  f o r  maximum head condi t ion .  To s a t i s f y  t h e  
s i te  requirements ,  any one of t h e  fo l lowing  w i l l  s a t i s f y  
t h e  d i scharge  needs:  

S t e e l  p i p e  20" diameter  
Concrete p ipe  21" I I  

CM p ipe  24" I I 

S ince  t h e  rest of t h e  procedure i s  s i m i l a r  f o r  a l l  t h r e e  
p i p e  t ypes ,  on ly  t h e  21" diameter  conc re t e  p ipe  w i l l  be  
used t o  cont inue  t h e  example t o  completion. 

3 .  Determine t h e  g a t e  opening t o  provide  a  d i scharge  of 
20 c f s  w i th  t h e  r e s e r v o i r  a t  E l  110.0. 

For f r e e  o u t f a l l ,  t h e  water  s u r f a c e  a t  t h e  o u t l e t  of t h e  
condui t  i s  considered t o  be a t  t h e  c e n t e r  of t h e  p ipe .  
The t a i l w a t e r  e l e v a t i o n  f o r  t h i s  example is ,  t h e r e f o r e ,  
considered t o  be 100.9 f t .  The head on t h e  system wi th  



t h e  r e s e r v o i r  a t  t h e  permanent p o o l  e l e v a t i o n  i s  
110.00 - 100.9' = 9 . 1  ft. The head on t h e  c o n d u i t  i n l e t  
i s  110.00 - 102.2 = 7 .8  f t .  

Check f o r  f u l l  p i p e  f l o w  t o  s e e  i f  t h i s  c o n d i t i o n  
c o n t r o l s  t h e  d i s c h a r g e  i n  t h e  system. 

E n t e r  F igure  B-15 f o r  n  = 0.013 w i t h  D = 21" and 
S = 0.010. Find Q = 1 6  c f s .  T h e r e f o r e ,  t h e  p i p e  w i l l  
f low f u l l  a t  20 c f s  ( o p e r a t i o n  requ i rements )  and 
F i g u r e  B-12 a p p l i e s .  To reduce  t h e  d i s c h a r g e ,  t h e  
g a t e  w i l l  have t o  be  p a r t i a l l y  c l o s e d .  Approximate 
g a t e  c l o s u r e  can b e  determined from t h e  rea r ranged  
d i s c h a r g e  e q u a t i o n  from page B-6. 

S u b s t i t u t i n g  known v a l u e s  of D ,  H and Q 

Also,  knowing t h e  f o l l o w i n g  h e a d l o s s  c o e f f i c i e n t s ,  

P i p e  f r i c t i o n  (n  = 0.013, d  = 21", 
Kp = 0.0148) from F i g .  B-13 ~~a = (0.0148) 1 3 1  = 1 .94  
Bend, s i n g l e  m i t e r  ( 3 : l  s l o p e )  
from Fig .  B-5 

Kb = 1 .24  - 0 .5  = 0.74 
O u t l e t ,  KO = 1 .00  
Gate ,  Kg = Kg 

Then t h e  t K  = K a + Kb + KO + K = 3.68 + Kg 
and Kg = T K  - (Kpj'+ Kb + KO) = 8.2 - 3.68 = 4.82 

E n t e r  F i g u r e  B-12 w i t h  t h i s  v a l u e  of Kg and assume a 
s q u a r e  bottom g a t e  l e a f ,  f i n d  approximate  g a t e  opening 
o f  48% f o r  t h e  20 c f s  a t  a  head of 9 . 1  f t .  

4 .  Determine t h e  g a t e  opening t o  p r o v i d e  1 5  c f s  d i s c h a r g e  
w i t h  the  r e s e r v o i r  l e v e l  a t  E l  121.0  and a l s o  a t  
E l  110.0. 

The head on t h e  c o n d u i t  i n l e t  w i t h  t h e  r e s e r v o i r  l e v e l  
a t  t h e  maximum e l e v a t i o n  i s  121.0  - 102.2 = 18.8 E t .  



With t h e  r e s e r v o i r  a t  E l  110.0,  t h e  head on t h e  condui t  
i n l e t  i s  110.0 - 102.2 = 7.8 f t .  

From t h e  previous check f o r  f u l l  p ipe  flow, i t  was 
determined t h a t  t h e  normal f u l l  p i p e  flow a t  t h e  given 
s lope  was 16 c f s .  The p ipe  would, t h e r e f o r e ,  f low 
p a r t l y  f u l l  f o r  a  d i scharge  of 15 c f s  provided t h a t  
t h e  o u t l e t  was n o t  submerged. F igure  B - 1 1  i s  then  used 
t o  determine t h e  g a t e  opening. 

Enter  t he  nomography wi th  H = 18.8 f t  and extend a  l i n e  
through Q = 15 c f s  t o  t h e  p i v o t  l i n e .  The diameter  of 
1 .75 i s  connected t o  t h e  p o i n t  on t h e  p i v o t  l i n e  and 
extended t o  f i n d  Cv = 0.175. For a  square  bottom s l i d e -  
g a t e  t h e  opening corresponding t o  Cv = 0.175 i s  approx- 
imate ly  32 pe rcen t  of t h e  diameter .  

This  s e t t i n g  would provide  t h e  r equ i r ed  base flow 
d ischarge  of 15  c f s  when t h e  r e s e r v o i r  l e v e l  was a t  
t he  maximum e l e v a t i o n .  

For H = 7.8 ft, Q = 15  c f s ,  and D = 1 . 7 5  f t ,  Cv was 
determined t o  be  0.27. For a  square  bottom g a t e ,  t h e  
g a t e  opening was determined t o  be approximate ly-43  
percent .  This  s e t t i n g  w i l l  a l low t h e  requi red  base 
flow (d ischarge)  of 15 c f s  when t h e  r e s e r v o i r  l e v e l  
i s  a t  E l  110.0. 

The 2 1  in .  diameter  p ipe  s a t i s f i e s  t h e  f u n c t i o n a l  r equ i r e -  
ments. A quick check of a  g a t e  ca ta logue  shows a  21 i n .  
g a t e  a v a i l a b l e  a s  a  s tock  i tem f o r  t h e  system head. 
I n  t h e  event  a  condui t  i s  s e l e c t e d  f o r  which a  s t o c k  
s i z e  g a t e  i s  n o t  a v a i l a b l e ,  t h e  next  l a r g e r  g a t e  w i l l  
be used. A s h o r t  t r a n s i t i o n  cas t - in -p lace  i n  t h e  i n l e t  
s t r u c t u r e  i s  recommended f o r  t h i s  s i t u a t i o n .  
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FIGURE 8 - 2  
FULL PIPE FLOW 

STAGE DISCHARGE 
E WP Unit Portland, Oregon 
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FIGURE B- 3 
FULL PIPE FLOW 

STAGE DISCHARGE 
EWP Unit Portland, Oregon 
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FIGURE 8 - 4  
FULL PIPE FLOW 

STAGE DISCHARGE 
EWP Unit Portland, Oregon 



Straight ln let  Flow 
Square Cornered - K, = 0.50 

Stra ight  ln let  - Inward  Flow - Ke = 0.78 
Pro jec t ing  -Square  Cornered 

Double M i te r  Bend 
Square Corner 

Flow 
___C)1 

Single M i t e r  Bend  
Square Corner 

SLOPE 9( 
k* 

Single 1 Double 
P 

Ave. 1.24 0.99 

Flow - 

* 
Kg - Includes Bend Loss  Coef f ic ient  

0.5 of the l isted value is fo r  the 
inlet,  the remainder for the bend. 

Trash rack losses are negligible 
fo r  the standard inlet.  

F I G U R E  B-5 
FULL PIPE FLOW 

ENTRANCE LOSS COEFFICIENT 
EWP Unit Portland, Oregon 



REFERENCE 
After Bureau of Public 
Roads Charts 

HT = Head in feet 30 
Ke = Entrance loss coefficient 
0 = Diameter of pipe in fee t  
n = ~ a n n i n ~ l s  roughness coefficient 4 0 
L = Length of culvert in feet  
Q = Design discharge rote in cfs 

5 0 

FIGURE B-6 
DISCHARGE FOR FULL 
PIPE FLOW n=0.011 

EWP U n ~ t  Portland, Oregon 



REFERENCE 
Af ter Bureau of Public 

Roods Charts 

2. 5 2 0 4  ( I +  Ke) 
+ 

466.18 n2 L 
EQUATION : H T  = D 16/3 

Hr  = Head  In f e e t  
Ke = Ent rance  loss coef f ic ient  
D = Diameter  of pipe In feet  
n = ~ o n n i n ~ ' ~  roughness coeff icient 
t = Length o f  cu lve r t  In f ee t  
Q = Design d ischarge  r a t e  in  c f s 

FIGURE 8 - 7  

DISCHARGE FOR FULL 
PIPE FLOW n=0.012 

EWP Uni t  Port land,  Oregon  



REFERENCE 

After Bureau of Public 
Roads Charts. 

HT : Head In feet 
Ke = Entrance loss coeffrc~ent 
0 = D ~ o m e l e r  of  plpe in feel 
n  = ~ a n n l n g ' s  roughness coeffoc~enl 
L = Length of  culvert In feet  
Q = D~scharge r o t e  In c f s  

F IGURE 8-8 

DISCHARGE FOR FULL 
PIPE FLOW n=0.012 

EWP Unit Port land,  Oregon 



H T  = Head in feet  
K e  Entronce loss coefficient 
D = Diameter o f  pipe in feet 
n = ~ a n n i n g ' s  roughness coefficient 
L = Length o f  culvert in feet 
Q = Design discharge rate in cfs 

REFERENCE 
After Bureau o f  Public 
Roods Charts 

FIGURE 8-9 
DISCHARGE FOR FULL 
PIPE FLOW n=0.013 

EWP Unit Portland, Oregon 



M - Z Z  

REFERENCE 

After Bureau of Public 

Roads Charts 

SUBMERGED OUTLET 

HT = Head in feet 
Ke = Entrance loss coeff ic ient  
D = Diameter of pipe in fee t  
n = ~ a n n i n g ' s  roughness coefficient 
L = Length o f  culvert  in fee t  
Q = Discharge r a t e  in c f  s 

FIGURE B - I 0  

DISCHARGE FOR FULL 
PIPE F L O W  n=0.024 

E W P  Unit  Portland, Oregon 



Light Duty Gate Heavy Duty Gate 

Partial  F low 

Circ u lor Square bottom 
l e o f  leaf 

' 0.05  

U =  6.32 C ~ D ' H ~  
Q = Design discharge rate in cfs 
Cv = Gate discharge coe f ficien f 
D = Diameter of pipe in feet 
H = Head in feet measured to center line of  conduit 

REFERENCE: Ball, J. W.,"~imitot ions of ~ e t e r ~ a t e s , "  ASCE Journal of 
lrr igat~on ond Drainage, Dec. 1962, p. 26, paper No. 3359. 

For fully open gotes, fill pipe ,flow, 
and embankment slopes o f  3. ' /  ond 
2.'1 refer to Figures B-/,  B-2, B - 3 , 8 - 4  

-\ 0.6 
d 
L ,. 0.5 
c $! 
$ 0 - 4  
Q, 2 0.3 
g 0.2 
& 
C 
.$ 0.1 
Q 

0 
0 10 20 30 40 50 60 70 80 90 100 

Gote opening in percent D 

For fu/& open gotes and fuN plpe f/ow 
with o voriefy of  entrances refer to 
Figures 8-5, 8-6, B -  7, B - 8 ,  B -9 ,  8-10 

I t  Example .' 
~=18.8 ' ,  Q=l5 cfs, D= I. 75' 
Read Cv = 0.175 
Gate opening for square bottom leaf = 3/% t 

FIGURE B - l l  

FREE DISCHARGE THRU 

PARTIALLY OPEN GATES 
EWP Unit Portland, Oregon 



FIGURE 8-12 

REFERENCE: 
W.E.S. Hyd.Chort 330-1 

GATE HEAD LOSS 
COEFFICIENT (Kg) 
FULL PIPE FLOW 
EWP Unit Portland, Oregon 



h'6dD LOSS ci%fff/C/dNT Kc, FOP 29. /6 nz 
SQUARE COPVDU/T /?L OW/A/G FVl L XC =- f 
lad1/,f f/oW MAA/A'/AfG'S COZFF/C/&~T Of 
s/ze area ROUGHNESS "n 

fee/ sqff 00/2160/310.0/4]60/5~00/6 

REFERENCE: 
ES - 42 

o = Cross - sect/bno/ urau o f  f /uw In sq. f f  
D = /!side d/umdef of  jq'k /h /hches. 
q = Acce/erqt/bn of  qrow/fy = 32.2 f f  per sec. 
4 = Loss o f  heud /i, feef due fo fric.'/on in /enyth L. 
Kc = h'e.od/uss coeff/oen/ for squure condulf f/owing fu/L 
Kp = Heud/oss coefficien f fcr cictu/ur pipe f/awing fu//. 
L = Lengfh of conduif In  feel: 
n = Munningk coefficient of roughness. 
4 = Discharge o r  copucify In CIA ft per  sec. 
r = h'ydrou//'c radius /h feet. 
v = Mean ve/ocity i n  f t  per sec. 

E,xomp/e f : Compufe Me heod /as in 300ft o f  24 in dhn. 
concrete pipe f/owinq fu//  and d/schurgin y 
30 c f s .  Assume n = QO/5 

Q 30 v 2  
v z - - -  0 -3.14 - - 955 f p s ;  = E1:/.4.?fi 

Exump/e 2: Cbmpufe f/lr d/&zhurge o f  0 ZSOf t ,  3 x 3  
squure conduit f/ow/nq fu// i f  the /OSS o f  
heud ;J defermined to  be 2.25 fi! Assume 
n =O.U/4 

FIGURE 6 - 13 
HEAD LOSS COEFFICIENTS FOR CIRCULAR 

AND SQUARE CONDUITS FLOWING FULL 
EWP Unit Portlond, Oregon 



REFERENCE: 

ES- 54 
FIGURE 6-14 

DISCHARGE OF CIRCULAR 
PIPE FLOWING FULL 

F W P  l lnit  Pnrtlnnd Orennn 



REFERENCE: 
ES- 54 FIGURE 8-15 

DISCHARGE OF C I R C U L A R  
PIPE FLOWING FULL 

EWP Uni t  Portland, Oregon 



REFERENCE: 

ES-54 
FIGURE 8-16 

DISCHARGE O F  CIRCULAR 
PIPE FLOWING FULL 

EWP Unlt Portland, Oregon 



REFERENCE: 

ES- 54 
FIGURE 0-17 

DISCHARGE OF CIRCULAR 
PIPE FLOWING FULL 

EWP U n ~ t  Portlond, Oregon 




